Because of its pivotal role in the metabolism of circulating lipids, lipoprotein lipase has been the subject of concerted investigation for many years. Although much of the information that has been forthcoming has been reviewed in the recent past (Cryer, 1981 ; Quinn et al., 1982 ; Hamosh and Hamosh, 1983 ; Cryer, 1983) it is only fair to say that the ontogenic aspects of the enzyme and its action have been less fully addressed. Before attempting to provide a partial redress of this relative neglect the main features of lipoprotein lipase action will be reviewed.
The occurrence, distribution and molecular aspects of tissue lipoprotein lipase activity.
Lipoprotein lipase is found, most importantly, in the adipose, muscle and lung tissues of a large range of mammalian and avian species (Cryer and Jones, 1979a ; Cryer, 1981 ; Hamosh and Hamosh, 1983) including man (Nilsson-Ehle, 1974 ; Harlan et al., 1967) . The enzyme is abundant in lactating mammary gland (McBride and Korn, 1963 ; Zinder et al., 1974) and milk (Egelrud and Olivecrona, 1972) and it has also been detected in vascular tissue (DiCorieto and Zilversmit, 1975) , corpus luteum (Shemesh et al., 1976) and placenta (Mallov and Alousi, 1965 ; Elphick and Hull, 1977 ; Rothwell and Elphick, 1982) . Although absent from adult liver a salt-sensitive « lipoprotein lipase » activity has been reported to be present in tissue taken from late-gestational rat foetuses (Chajek et al., 1977 ; Llobera et al., 1979) . Those organs and tissues from which lipoprotein lipase activity is absent are not able to utilize circulating lipoprotein triglyceride fatty acids. For example, it has been shown that the small intestine has no lipoprotein lipase activity and is unable to use triglyceride fatty acids as an energy source (Hulsmann et al., 1981 ) .
Changes in tissue lipoprotein lipase activities occur in response to a variety of conditions (for review see Cryer, 1981 ; Hamosh and Hamosh, 1983 ; Quinn et al., 1982) and alterations in total activity show an overall correlation with modifications in the rate of triglyceride fatty acid uptake by the tissues in question (see also Vernon and Clegg, 1984) .
Because intact triglyceride-rich lipoproteins cannot pass directly out of the plasma into the tissues across the endothelium the assumption has been made that lipoprotein lipase must act at or near the luminal surface of the capillary endothelial cells. The accumulated evidence more than adequately supports this view (reviewed in Cryer, 1983) and the currently accepted visualization of the molecular relationships that occur at the endothelium is shown in figure 1 .
Although the enzyme exerts its physiological function at the endothelium, lipoprotein lipase can be recovered for example from adipose tissue and hearts with isolated adipocytes (Rodbell, 1964 ; Cryer et al., 1975a) and isolated cardiac muscle cells (Bagby et al., 1977 ; Chohan and Cryer, 1978) respectively. It could be thought that the enzyme within tissue parenchymal cells was physiologically insignificant. The many arguments which suggest the opposite have been reviewed previously (Cryer, 1981 ; 1983) and it is now clear that the parenchymal cells of tissues are the source of the enzyme which is present at the endothelium.
of the enzyme that are sufficient to account for observed rates of lipoprotein catabolism (Shimada et al., 1981 ; Cheng et al., 1981 ; Williams et al., 1983) .
Changes in lipoprotein lipase activity occur in response to a range of nutritional, endocrinological and other physiological stimuli (Cryer, 1981 ; NilssonEhle et al., 1980) but, where it has been studied, the activity associated with the tissue parenchymal cells remained constant (Cunningham and Robinson, 1969 ; Chohan and Cryer, 1978) except where the conditions of, for example starvation, were particularly severe (Cryer, 1981 ; Hamosh and Hamosh, 1983) . Briefly, elevations in insulin concentrations lead to a rise in enzyme activity and polysomal activity (Cryer et al., 1976 ; Vydelingum et al., 1983) in adipose tissue where diurnal changes in lipoprotein lipase activity also relate to changes in plasma insulin levels (Pykalisto et al., 1975 ; Reichl, 1972) . In general, those effectors that stimulate the (hormone-sensitive) triglyceride lipase of adipose tissue (e.g. Khoo et al., 1973) (Hamosh and Hamosh, 1975a ; Wilson et al., 1976) . Glucocorticoids enhance the insulin effects (Ashby and Robinson, 1980) and have an independent stimulatory effect on adipose tissue lipoprotein lipase activity (de Gasquet et al., 1975) probably via a specific effect on specific-enzyme synthesis (Ashby and Robinson, 1980 (Robinson, 1970) whereas of the hormones suggested to stimulate total activity, glucagon (Borenstajn et al., 1973 ; de Gasquet et al., 1975 ; Kotlar and Borenstajn, 1977) catecholamines, thyroid hormones and corticosteroids (Alousi and Mallov, 1964 ; Torsti, 1965 ; Rodomski and Orme, 1971) are mentioned most often. Some studies also suggest that, additionally, norepinephrine (Hulsmann and Stam, 1978) and glucagon (Jansen et al., 1980 ; Simpson, 1979) (Chohan and Cryer, 1980 ; Cryer et al., 1981 Cryer et al., , 1984a Chohan and Cryer, 1979) requires microtubular activity (Chajek et al., 1975 ; Cryer et al., 1975b) and it is probably at this stage, when the mature enzyme is ready for secretion, that the catecholamine-induced loss of activity comes about, possibly through an increased rate of specific protein degradation (Ashby et aL, 1978) . Recently it has become apparent that true release of the enzyme from the fat cell may not be necessary for its transport to the endothelium and that in common with a proposal related to the movement of lipolytic products Smith and Scow, 1979 ) the enzyme may move in the proposed membranes continuum which may link fat cell, pericyte and endothelium Scow, 1981a, 1981 b) . In support of this has been the observation that a large proportion of the enzyme activity of isolated cells is associated with the adipocyte plasma membrane fraction following subcellular fractionation (Al-Jafari, A. and Cryer, A. unpublished observations) and that although total cell activity remains unchanged after fasting, both the proportion of immunodetectable enzyme (Cryer, A. and Al-Jafari, A. unpublished observations) and enzyme activity (Verine et al., 1982) at the plasma membrane is much higher in cells prepared from fed compared with those prepared from starved rats.
The activity of lipoprotein lipase in skeletal muscle responds to physiological change, with only a few exceptions (Linder et al., 1976) , in a way similar to that of the heart. For example the activity rises in response to fasting (Cryer et al., 1976 ; Tan et al., 1977) and cold exposure (Begin-Heick and Heick, 1977) . Lipoprotein lipase in the lung increases following the administration of glucocorticoids but does not appear to be responsive to changes in the concentration of insulin (Hamosh and Hamosh, 1975b ; Hamosh et al., 1976 (Rokos et al., 1963) . Of these milk lipids 97 % are triglycerides, 65 % of which contain long rather than medium chain fatty acids (Fernando-Warnakulasuriya et a/., 19811. Thus, in that the medium chain fatty acids find their preferential utilization by the liver (e.g. Ferré et al., 1981) (Schriebler and Wolff, 1966) and the progressive increase in long chain fatty acid oxidation by the heart over this period. It has been suggested for example that « association of the increase of capacity for palmitate oxidation with the postnatal emergence of lipoprotein lipase in heart muscle is plausible » (Glatz and Veerkamp, 1982) and that increased oxidative capacity is related to cardiac mitochondrial maturation (Barrie and Harris, 1977) .
In the case of the rat lung, lipoprotein lipase activity has been detected up to 5 days before birth and increases substantially during the last few hours in utero and during the first day of extrauterine life Cryer and Jones, 1978a ; Hietanen and Hartiala, 1979 ; Planche et al., 1980) . The enzyme activity is elevated therefore during the period of lung development when rapid rates of pulmonary surfactant synthesis occur (Farrell and Hamosh, 1978) and it has been suggested that the increased perinatal pulmonary lipoprotein lipase activity may provide a source of diglyceride for the dipalmitylphosphatidylcholine production necessary for pulmonary surfactant formation (Cryer and Jones, 1978a ; Weinhold et al., 1980 (Glatz and Veerkamp, 1982 (Tan et al., 1977) or mice (Rath et al., 1974 Nedergaard and Lindberg, 1982) . The fuel for thermogenesis in the tissue is free fatty acid derived from stored triglyceride. However since it has been suggested that « plasma free fatty acids do not serve as a substrate for thermogenesis » (Schenk et al., 1975) and because the rate of fatty acid synthesis in brown adipose tissue is low in suckling mice (Trayhurn, 1981) and that the latter process only becomes significant following weaning in the rat (Pillay and Bailey, 1982) it is clear that plasma lipids derived from mothers milk must be the source of thermogenic fuel during suckling. Consistent with these observations is the high level of lipoprotein lipase activity present in the brown adipose tissue of fetal and suckling rats (Cryer and Jones, 1978a ). In the present author's experience the activity present in the brown adipose tissue of suckling rats is one of the highest activities recorded (500 pMoIeFFA/h/g fresh wt) being comparable to that found in lactating mammary gland. The activity in brown adipose tissue exhibits two peaks of activity at 2 and 12 days of age with a fall to relatively low levels by weaning. The high total and heparin-releasable (Hemon et al., 1975) (Hemon et al., 1975) (Jansen et al., 1966) and rat (Jansen et al., 1966 ; Leveille, 1976) (Das et a/., 1982) , under most conditions, where useful comparisons can be made, the correlation between the two variables holds (Cryer et al., 1976) .
As might be expected, the low level of circulating triglyceride concentrations found in the fetus are elevated up to four times the normal adult level throughout suckling in the rat (Cryer and Jones, 1978b) (Cryer and Jones, 1978a ; Pequignot-Planche et al., 19771. During the first six hours of life however, during which time no accumulation of triglyceride occurs in the tissue, the enzyme activity declines somewhat in response that is probably related to a fall in plasma insulin levels within the first six hours of birth (Blasquez et al., 1974 ; 19751. During the 6-24 h period of postnatal life both the lipoprotein lipase activity and triglyceride content of the tissue increases substantially. This increase is sustained progressively over the first 10 days of life such that levels of activity 2-4 times greater than adult levels are achieved by midsuckling. This pattern was observed whether the activity was expressed as units/g of tissues or units/whole depot. Following the 10th day of life the activity in all the depots fell progressively over the remainder of the suckling period reaching minimal levels on day 20. Thereafter the activities rose again and remained relatively high for the period up to about 8-10 weeks of age after which they declined to the relatively constant adult level by the 20th week of life. It is clear that in the first 10 days of life the relatively small increases that occur in adipose tissue mass relative to body weight changes occur substantially as a result of active cellular hyperplasia together with a modest increase in the size of recognizable fat cells (Cryer and Jones, 1979b ; 1980 (Ailhaud, 1982 ;  Cryer, 1984 see also Hietanen and Greenwood, 1977) . The decline in adipose tissue lipoprotein lipase activities during the second half of suckling are less easily related to the aspects of cellularity and lipid accretion just discussed. In the first case the total lipid content of most depots continue to increase over this period (Cryer and Jones, 1979b) and pad growth continues (Cryer and Jones, 1979b ; Planche et al., 1980) as does adipocyte cell size although adipocyte numbers do not alter substantially (Cryer and Jones, 1979b Jones, 1978 ; Planche et al., 1980) . Following weaning in the rat average adipocyte size increases substantially in a fashion which is related to the activity of lipoprotein lipase expressed on a per cell basis (Hietanen and Greenwood, 1977) (Vannier et al., 1982 ; Al-Jafari and Cryer, 1984 
